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57 ABSTRACT

Proposed 1s an improvement 1n a magnet assembly of an
MRI instrument of the permanent magnet type comprising a
pair of permanent magnets facing each other and forming a
magnet gap therebetween. A pair of pole pieces each of
which are mounted on one of the permanent magnets and a
pair of gradient-field coils each of which are mounted on one
of the pole pieces where both the pole pieces and coils face
the gap. With an object of the invention to cancel the adverse
influences caused by the residual magnetization of the pole
pieces by the gradient magnetic field generated in the
oradient-field coils. The mnvention proposes providing a pair
of magnetic-field compensation members each on one of the
ogradient-field coils so that the residual magnetization in the
compensation members generates a magnetic field which 1s
compensatory for the magnetic field due to the residual
magnetization 1n the pole pieces.

3 Claims, 2 Drawing Sheets
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1
MAGNET ASSEMBLY IN MRI INSTRUMENT

BACKGROUND OF THE INVENTION

The resent invention relates to an 1mprovement 1n a novel
magnet assembly 1n magnetic resonance, 1maging 1nstru-
ments such as medical MRI 1nstruments having permanent
magnets capable of generating a highly uniform magnetic
field 1n the space between oppositely facing permanent
magnets.

The magnet assembly 1n a magnetic resonance 1maging
instrument with permanent magnets used for the purpose of
medical diagnosis 1s referred to as an MRI instrument and
have become a major trend 1n recent years. The MRI
mstrument has a pair of strong permanent magnets, such as
rare earth-based permanent magnets, disposed in such a
manner as to face oppositely and symmetrically from each
other, forming a gap space for magnetic field generation
herebetween. This gap space allows for the medical 1nspec-
tion of a patient through MRI. It 1s very important to note
that 1n order to ensure reliableness of the diagnosis, the
magnetic fleld genrated 1n the gap space between the
opposed permanent magnets, referred to as the magnet gap
space hereinafter, 1s as highly uniform as possible so as to
ensure the sharpness of the images. In this regard, it 1s a
common practice that a pole piece made from a magnetically
soft material, such as soft iron and the like, be mounted onto
the surface of each of the opposed permanent magnets so as
to face the magnet gap space. It 1s necessary to generate a
oradient magnetic field in the magnet gap space to provide
magnetic resonance imaging. This 1s accomplished by a
magnetic modulating means such as a gradient-field coil
mounted on the pole piece. However, a problem 1s presented
in that the uniformity of the magnetic field 1s disturbed by
the residual magnetization 1n the pole pieces resulting 1n a
decrease 1n the sharpness of the 1images or distortion thereof.

Occurrence of the above mentioned residual magnetiza-
tion 1n the pole pieces 1s a phenomenon more or less
unavoidable 1n any magnetic material. It 1s a consequence of
the magnetic hysteresis regardless of how magnetically soft
the magnetic material of the pole pieces may be. It 1s
conventional m the manufacturing of MRI instruments to
use pole pieces made from or 1n a combination with soft iron
and other magnetically soft materials such as silicon steels,
soft ferrites, Permalloys and the like. These materials are
magnetically softer than soft irons and provide a decrease 1n
the residual magnetization of the pole pieces. Although the
residual magnetization of the pole pieces can of course be
decreased by increasing the amount of these highly soft
magnetic materials; these magnetic materials cannot practi-
cally be used in large amounts because of their cost as
compared with conventional soft 1rons. Therefore, improve-
ments 1 the 1maging quality by decreasing the residual
magnetization of the pole pieces can only be accomplished
with an increase 1n the manufacturing costs of the MRI
instrument.

SUMMARY OF THE INVENTION

In view of the above described problems and disadvan-
tages of magnet assemblies 1n the prior art, the present
invention accordingly has an object to provide a novel and
improved magnet assembly 1n an MRI instrument. The
improvement would greatly reduce the adverse influences on
the quality of the magnetic resonance 1mages due to the
residual magnetization 1n the pole pieces without substan-
tially increasing the manufacturing costs of the MRI instru-
ment.

10

15

20

25

30

35

40

45

50

55

60

65

2

Thus, the present 1nvention provides a magnet assembly
in an MRI 1nstrument which comprises:

(a) a pair of permanent magnets oppositely disposed to face
cach other with a magnet gap space therebetween; a static
magnetic field being generated thereby 1n the magnet gap
space;

(b) a pair of pole pieces each mounted on one of the
permanent magnets facing the magnet gap space;

(c) a pair of magnetic modulating coils to generate a gradient
magnetic field relative to the static magnetic field gener-
ated by the permanent magnets, each being mounted on
one of the pole pieces facing the magnet gap space; and

(d) a pair of magnetic-field compensation members made
from a ferromagnetic material having a coercive force not
exceeding 100 Oe, each member being mounted on one of
the magnetic modulating coils facing the magnetic gap
space.

The above mentioned magnetic field compensation mem-
ber 1s a disc or circular sheet made from a magnetically soft
ferromagnetic material such as soft 1rron and has a thickness
in the range from 0.005 mm to 0.5 mm.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 1s a schematic transverse cross sectional view of a
conventional magnet assembly in an MRI 1nstrument.

FIGS. 2 and 3 are schematic transverse cross-sectional
views of the pole piece and gradient-field coil in the lower
half of the magnet assembly of FIG. 1. FIGS. 2 and 3 show
the residual magnetization of the pole piece when a gradient
magnetic field 1s applied 1n the X-direction and Z-direction,
respectively.

FIG. 4 1s a schematic transverse cross sectional view of
the main part of the lower half of the inventive magnet
assembly having a magnetic-field compensation member.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

As 1s mentioned above, occurrence of residual magneti-
zation 1n the pole pieces 1s a more or less unavoidable
phenomenon as a consequence of the magnetic hysteresis
possessed by any magnetic material including the magneti-
cally soft magnetic material from which the pole pieces are
made. The primary 1dea of the inventors leading to the
present mnvention 1s that the adverse influences, due to the
residual magnetization 1n the pole pieces, could be compen-
sated for by providing a magnetic compensation means in
which residual magnetization can be induced to give a
compensating magnetic field to the magnetic field in the
magnet gap space. This compensating magnetic field 1s in an
inverse direction to that of the magnetic field due to the
residual magnetization 1n the pole pieces where the absolute
values of the two magnetic fields 1s substantially identical.

FIG. 1 of the accompanying drawing 1s a schematic
fransverse cross sectional view of a conventional magnet
assembly of an opposed-magnet type MRI instrument. A
pair of permanent magnets 3A and 3B are disposed sym-
metrically on respective base yokes 6A and 6B to face each
other and form a magnet gap space 4 therebetween. Magnet
gap space 4 1s formed by connecting the base yokes 6A, 6B
with connecting yokes 6C. A pair of pole pieces 2A and 2B
made from a solt magnetic material are mounted on respec-
five permanent magnets 3A, 3B facing the magnet gap space
4. Each of the pole pieces 2A, 2B has a circular rib 5A and
SB along the periphery of the circular pole piece 2A, 2B
which improves the uniformity of the magnetic field in the
magnet gap space 4. As a means to generate a gradient
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magnetic field 1n the magnet gap space 4, the gradient-field
colls 1A and 1B are each surrounded by the circular rib SA,

SB. The height of the gradient field coil 1A, 1B 1s usually
shorter than that of the circular rib 5A, 5B making the

cilective height of the magnet gap space 4 decreased by the
cgradient-field coils 1A, 1B.

When a gradient magnetic field 1s generated by energizing
the gradient-field coils 1A, 1B, the pole pieces 2A, 2B are

magnetized 1n the direction indicated by the arrows 1n FIGS.
2 and 3. This 1s the phenomenon of residual magnetization
which influences the uniformity of the magnetic field. The
idea leading to the invention 1s accordingly that the adverse
influences due to the residual magnetization of the pole
pieces 2A, 2B could be compensated by a magnetic com-
pensating means provided in each of the pole pieces 2A, 2B,
where the direction of the residual magnetization 1s opposite
to that of the pole piece 2A or 2B. The result 1s that the
contribution to the magnetic field in the magnet gap space 4
1s approximately equal to the absolute value of the residual
magnetization in the pole piece 2A, 2B.

Namely, the present invention proposes that the magnetic
compensating means mentioned above provides a magnetic-
field compensation member 7A and 7B being made from a
ferromagnetic material and located on each of the gradient-
field coils 1A, 1B and facing the magnet gap space 4. Since
the magnetic-field compensation member 7A, 7B 1s located
on the opposite side of the gradient-field coil 1A, 1B,
relative to the pole piece 2A, 2B, the direction of the residual
magnetization therein 1s reversed to that of the pole piece

2A, 2B. Accordingly, the magnetic field due to the residual
magnetization 1in the magnetic-field compensation member
7A, 7B compensates for the magnetic field due to the
residual magnetization 1n the pole piece 2A, 2B.

When the magnetic field due to the pole pieces 2A, 2B and
the ferromagnetic compensation members 7A, 7B are 1den-
fical 1n the absolute values; 1t can be expected that the
adverse 1nfluences due to the residual magnetization in the
pole pieces 2A, 2B can be completely canceled. Since the
magnetic-field compensation member 7A, 7B faces and 1s
located at a position closer to the magnet gap space 4 than
the pole piece 2A, 2B, the strength of the magnetic field at
a point due to a magnetic pole 1s mnversely proportional to
the distance between the point and the magnetic pole.
Therefore, 1t 1s readily understood that the residual magne-
fization in the magnetic-field compensation member 7A, 7B

can be smaller than the residual magnetization 1n the pole
piece 2A, 2B.

A problem has to be taken 1nto consideration in connec-
tion with the magnetic-field compensation member 7A, 7B
installed on the gradient-field coil 1A, 1B and facing magnet
gap space 4. Namely, the magnetic field compensation
member 7A, 7B serves as a magnetic path for the magnetic
flux generated by the gradient-field coil 1A, 1B. The effec-
tive magnetic field in the magnet gap space 4 due to the
oradient-field coil 1A, 1B 1s necessarily decreased by the
absorption of the magnetic flux m the magnetic-field com-
pensation 7A, 7B resulting in a decrease 1n the efficiency of
ogradient-field generation by the coils 1A, 1B. This problem
can most nearly be solved by magnetizing the magnetic-field
compensation member 7A, 7B to a point nearly equal to the
magnetic saturation experienced when the member 7A, 7B
1s 1n the magnetic field generated by the gradient-field coil
1A, 1B. This 1s so because a magnetically saturated body
exhibits an effect of magnetic flux absorption no more than
that of air. The result being that the efficiency of the
oradient-field coil 1A, 1B in the generation of the gradient
magnetic field in the magnet gap space 4 1s decreased only
slightly.
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The magnetic-ficld compensation member 7A, 7B
mounted on the gradient-field coil 1A, 1B 1s made desirably
from a magnetic material having a low coercive force, for
example: 100 Oe or lower, 1n order to readily reach magnetic
saturation by the magnetic ficld generated by the gradient-
field coil 1A, 1B. Suitable ferromagnetic materials 1n this
regard 1nclude soft 1rons, silicon steels, soft ferrites, Per-
malloys and the like. Since the gradient magnetic field
produced by gradient-field coil 1A, 1B 1s not generated
continuously but pulse-wise, 1t 1s 1mportant for the
magnetic-field compensation members 7A, 7B, as also pole
pieces 2A, 2B, to be designed and constructed in such a
fashion that the eddy current due to the application of the
pulse magnetic field be minimized. This 1s designed 1n order
to avoid degradation of the quality of the magnetic reso-
nance 1mages along with the means to decrease the residual
magnetization. The magnetic-field compensation member
7A, 7B 1s laminated with thin sheets of a metallic material
such as a soft iron, silicon steel, Permalloy and the like
which have low electric resistances. The eddy current can be
reduced by dividing the member mto small electrically
insulated portions each distanced from the other or by
providing interlayer imsulation between the sheets. It 1s
advantageous 1n this regard that the magnetic-field compen-
sation member 7A, 7B of such a composite structure be
designed with a ferromagnetic material having high electric
resistance such as soft ferrites 1n combination with a metallic
ferromagnetic material.

The magnetic-fiecld compensation members 7A, 7B each
have a disc like configuration, like the pole pieces 2A, 2B,
in order that the residual magnetization therein be symmetri-
cal to that in the pole pieces 2A, 2B. The configurations
being not particularly limitative thereto with optional modi-
fications 1n compliance with the configuration of the
ogradient-field coils 1A, 1B and other parts. When the
magnetic-field compensation member 7A, 7B 1s 1n the form
of a disc, the thickness of the disc 1s preferably in the range
from 0.005 mm to 0.5 mm depending on the material’s
saturation magnetization. When the thickness 1s too small,
no substantial compensating effect can be obtained on the
magnetic field due to the residual magnetization 1n the pole
pieces 2A, 2B. When the thickness 1s too large, the magne-
tization of the magnetic-field compensation member 7A, 7B
as a whole can hardly reach saturation by the application of
the gradient magnetic field resulting in a decrease in the
eficiency of generation of the gradient magnetic field. In
short, the magnetic-field compensation member 7A, 7B 1s
designed to have such a thickness and surface areca that the
volume thereof 1s sufficiently large 1n order that the residual
magnetization therein can fully compensate for the residual
magnetization 1n the pole piece 2A, 2B within the above
mentioned limits of the thickness.

When the magnetic-field compensation members 7A, 7B
satisty the above mentioned requirements and are mounted
on gradient-field coils 1A, 1B, respectively (facing the
magnet gap space 4), the magnetic field due to the residual
magnetization 1n the pole pieces 2A, 2B can be fully
compensated to exhibit an effect apparently equivalent to the
reduction or disappearance of the residual magnetization.
This 1s done without undertaking any means to have the pole
pieces 2A, 2B combined with an expensive material. The
principle of the present invention 1s applicable to a magnet
assembly 1n which the residual magnetization of the pole
pieces 15 small and by undertaking the herein described
invention further decreases the adverse influences of the
residual magnetization in the pole pieces and improves the
quality of the magnetic resonance 1images.
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In the following, an embodiment of the present invention
1s described by way of an Example.

EXAMPLE

A magnet assembly for an MRI instrument was con-
structed to have a structure generally in accordance with
FIG. 1, in which the pole pieces had a diameter of 1100 mm
and the height of the magnet gap space 4 was 400 mm and
the strength of the magnetic field at the center point of the
magnet gap space 4 was 0.2 T. The gradient-field coils 1A,
1B were energized by passing such an electric current that
the effective gradient magnetic field in the vertical direction
was just £0.0001 T/cm and the non-uniformity 1n the mag-
netic field within the magnet gap space 4 was determined.
The non-uniformity of the magnetic ficld implied here was
a ratio obtained by dividing the difference in the magnetic
field between two points, one, 10 cm above and, the other,
10 cm below the center point of the magnet gap space 4 by
the magnetic field at the center point, 1.e., 0.2 T. The
non-uniformity was found to be +14 ppm. The sign of +
means that the magnetic field at the upper point was larger
than the magnetic field at the lower point.

As an embodiment of the present invention, a magnetic-
field compensation member 7A, 7B made from a 0.05 mm
thick soft iron sheet having a diameter of 800 mm was
mounted on each of the gradient-field coils 1A, 1B to face
the magnet gap space 4 1n the above described conventional
magnetic assembly. The magnetic-field compensation mem-
ber 7A, 7B as 1n the form of a disc which was divided nto
small pieces electrically insulated from each other 1n order
to decrease the eddy currents and to prevent a decrease 1n the
eficiency of generation of the gradient magnetic field. The
results of measurements undertaken under the same condi-
tions as above adjusting for the magnetic-field compensation
members 7A, 7B were that the effective gradient magnetic
field 1n the vertical direction was 0.000098 T/cm and the
non-uniformity of the magnetic field was +3 ppm indicating
a remarkable improvement 1n the uniformity of the magnetic
field without substantially decreasing the effective gradient
magnetic field.

To test the effect of the thickness of the magnetic-field
compensation members 7A, 7B, the same experiment as
above was repeated except that each of the 0.05 mm thick
magnetic-field compensation members were replaced with
another magnetic-field compensation member which was 1
mm thick, made from the same soft 1ron sheets and each
sheet being electrically insulated from the adjacent sheet.
The results of measurements undertaken under the same
conditions as above adjusting for the increase 1n the thick-
ness of the magnetic-field compensation members were that
the effective gradient magnetic field in the vertical direction
was 0.000032 T/cm and the non-uniformity of the magnetic
field was —44 ppm. The negative value of the non-uniformaity
indicated overcompensation of the residual magnetization in
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the pole pieces by the magnetic-field compensation mem-
bers as a consequence of the excessively large thickness
thereof. The great decrease 1n the effective gradient mag-
netic field was presumably due to absorption of a part of the
magnetic flux from the gradient-field coils 1A, 1B by the
magnetic-ield compensation members 7A, 7B having a
larger thickness.

What 1s claimed 1s:

1. A magnet field control assembly for use 1n a magnetic
resonance imaging instrument, comprising:

first and second permanent magnets disposed opposite
onc another to form therebetween a magnetic gap
space;

a first pole piece mounted on said first permanent magnet;

a first magnetic modulating coil mounted on said first pole
plece;

a first magnetic field compensation member mounted on

said first magnetic modulating coil, having a thickness

in a range from 0.005 mm to 0.5 mm and formed of a

magnetically soft ferromagnetic material;

a second pole piece mounted on said second permanent
magnet;

a second magnetic modulating coill mounted on said
second pole piece;

a second magnetic field compensation member mounted
on sald second magnetic modulating coil, having a
thickness 1n a range from 0.005 mm to 0.5 mm and
formed of a magnetically soft ferromagnetic material;

said first magnetic modulating coil being located between
said first magnetic field compensation member and said
first pole piece;

saild second magnetic modulating coil being located
between said second magnetic field compensation
member and said second pole piece;

wherein said first and second permanent magnets are
operative to generate a static magnetic field 1n said
magnetic gap space;

wherein said magnetic modulating coils are operative to
generate a gradient magnetic field relative to the static
magnetic field; and

wherein said magnetic field compensation members are
operative to counteract a residual magnetization of said
pole pieces.

2. A magnet field control assembly, as claimed 1n claim 1,
wherein said magnetically soft ferromagnetic material has a
coercive force not exceeding 100 Oe.

3. A magnet field control assembly, as claimed 1n claim 1,
wherein said magnetic field compensation members, said
magnetic modulating coils and said pole pieces are all
mounted so as to have a surface thereof facing said magnetic

gap space.
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